In tro d u ctio n
The essential steps of photosynthetic w ater cleavage tak e place w ithin an integral m em brane com plex associated with extrinsic regulatory poly peptides. This o p eratio n al unit is referred to as photosystem II (PS II) complex. The prim ary reac tions of PS II com prise light absorption, excitation energy tran sfer to th e photoactive pigm ent (a spe cial chlorophyll a designated as P680) and elec tron tran sfer from its excited singlet state to p heo phytin a (P heo) acting as prim ary acceptor and subsequen t stabilization of the prim ary charge sep aration by rap id electron transfer from P h eoto a special plasto q u in o n e m olecule Q A (R enger, 1992) . B ased on sim ilarities of the functional and structural organization of the prim ary processes, com ponents P680, P heo and Q A w ere inferred to Reprint requests to Prof. Dr. Gernot Renger, Technische Universität Berlin, Max-Volmer-Institut für Biophysika lische und Physikalische Chemie, Straße des 17. Juni 135, D-10623 Berlin, Bundesrepublik Deutschland. Telefax: 49-30-31421122. be incorporated into a hetero d im er of polypep tides D l and D 2 of PS II in an analogous way as the corresponding groups are in corporated into the hetero d im er of the l-and M-subunit of the reaction centers of purple bacteria (M ichel and D eisenhofer, 1988; Trebst, 1986 ). This idea is strongly su p p o rted by the isolation of PS II com plexes that i) contain only D 1 and D 2 together with cytochrom e b 559 (= Cyt b 559, tw o subunits) and at least one sm aller polypeptide, and ii) retain the ability to perform the prim ary charge sep ara tion (N anba and Satoh, 1987; B arb er et al., 1987) . A lthough deprived of Q A and the oxygen-evolving com plex (O E C ), the D 1/D 2/cytochrom e £559 com plexes w ere found to catalyze the electron tran sp o rt from an artificial electron do n o r (diphenylcarbazide) to an exogenous electron accep tor like silicom olybdate (C hapm an et al., Takahashi et al., 1989) . This observation implies th at an electron transfer can take place from P h e o -to exogenous acceptors and th a t eith er this reaction or the electron donation are able com peting with the rapid internal charge recom bina-tion betw een P h e o " and P680+. As the redox p otential of P h e o /P h e o -is ra th e r low (E m 7 = -6 1 0 mV, see Klim ov et al., 1979), it ap peared w orthw hile to check if D 1/D 2/cytochrom e b 559 p rep aratio n are also able to reduce N A D P + (E m 7 = -3 2 0 m V ). R ecent rep o rts claim th at this can be the case (A llakhverdiev and Klimov, 1990 Klimov, , 1992 A rnon and B arber, 1990; Klimov et al., 1986) . In the p resen t study m anganese com plexes w ere tested as electro n donors for ph o to accum u lation of P h eo -in the absence of exogenous elec tron acceptors and for N A D P + reduction u nder anaerobic conditions in the presence of ferredoxin (Fd) and A single-beam differential sp ectro p h o to m eter with a phosphoroscope sim ilar to th at described previously (K lim ov et al., 1979 , 1986 A llakhver diev and Klimov, 1990, 1992 3 there exist in addition a p-oxo-bridge). These com plexes w ere synthesized according to previously described procedures (Charles, 1963; W ieghardt et al., 1985) and charac terized by spectroscopic and electrochem ical m ethods (K han, 1993) . Ferredoxin and ferredoxin-N A D P + reductase w ere purchased from Sigma.
The com positions of the sam ple suspensions used in the different experim ents are given in the figure legends.
Results and Discussion
W hen thylakoid and PS II m em brane fragm ents are exposed to actinic illum ination in the presence of the strong reductant dithionite (N a2S20 4), P h eo -accum ulates and gives rise to a m arked quenching of the chlorophyll fluorescence (A llakhverdiev and Klimov, 1990 Klimov, , 1992 A llak h verdiev et al., 1978 , 1979 , 1986 Shuvalov et al., 1980; R enger and K ayed, 1987) . A nalogously, Pheo^ photoaccum ulation can be achieved also in 1987) . O n the o th er hand, in the p res ence of N a2S20 4/M V the actinic light causes a strong bleaching at 682 nm th a t biphasically re laxes in the su b sequent dark period (trace 2 of Fig. 1 ). This effect is u n derstandable by electron don atio n to P 6 8 0 + com peting with the fast recom bination reactio n by P h eo -. For kinetic reasons the quantu m efficiency of this process is ra th e r low (for a num erical analysis in thylakoids, see ref. confirm th at these 340 nm changes are really due to N A D P + reduction, the light-induced difference spectra w ere m easured in the range from 300 to 400 nm. As expected, no light-induced change is observed in the control w ithout any addition (trace a of Fig. 3) . A fter addition of N A D P + only a small increase of the absorbance is seen in the range from 300 to 400 nm (trace 2 of Fig. 3) . In m arked contrast, a pronounced difference spec trum arises in the presence of N A D P + and com pound M-3. The spectral feature is characteristic for N A D P + reduction.
The idea of a PS II-catalyzed N A D P + reduction is fu rth er supported by the finding th at a special A t first glance, the latter effect seem s to be spec tacular. H ow ever, it has to be em phasized th at the absolute ra te of N A D P + reduction is rath er slow. A n evaluation of the d ata presented in Fig. 2 re veals th at at m ost a rate of 2 [imol N A D P H /m g C h l-h can be achieved u n d er our experim ental conditions. This value has to be com pared with the m ore th an 100-fold rates obtained with silicom olybdate as electron acceptor and eith er 1 mM D P C (ab o u t 900 jieq/m g Chi) or 1 mM M nC l2 T herefore, it is concluded, th at in principle P h e o -of PS II can provide the reducing pow er for N A D P + reduction. H ow ever, for kinetic reasons owing to structural constraints only m arginally small rates can be achieved. It has to be em p h a sized th at this extrem ely low activity was observed u n d er optim al conditions w here P h e o -is p h o to accum ulated in its reduced state (see Fig. 1 ). In a PS II com plex with open reaction center the P h eo " becom es reoxidized by Q A with a reaction tim e of ab out 300 ps (B ernarding et al., 1994; E ckert et al., 1988; Nuijs et al., 1986) . Therefore, the probability of an electron tran sfer to N A D P + is virtually zero, i.e. this reaction does practically n ot occur u n d er norm al conditions. For theoretical reasons it m ight be interesting to clarify w hether or n o t the conditions for an electron transfer from P h eo -to N A D P + can be drastically im proved (e.g. by using lipophilic redox m ediators). and Renger G. (1994) , Reconstitution of the wateroxidizing complex in manganese-depleted photosys tem II complexes by using synthetic binuelear manga nese complexes. Biochemistry 33 (in press). Ananyev G., Wydrzynski T., Renger G. and Klimov V. V. (1992) , Transient peroxide formation by the manganese-containing redox active donor side of
